Motor neuron disease causes widespread degeneration of motor neurons within both the brain and spinal cord. Brain and spinal cord MRI were performed in 11 patients with motor neuron disease, and in 17 controls. Symmetric areas of high signal within the corticospinal tracts were found in nine patients on T2 weighted spin echo (SE) or fast spin echo (FSE) images of the brain and in eight on T2 or T2* weighed images of the spinal cord. High signal within the posterior limbs of the internal capsules was also found in four controls; this finding in isolation is therefore not pathological. No controls had abnormalities within the spinal cord. Low signal within the motor cortex was found in 10 patients, but was also seen in six controls. Thus MRI often displays characteristic abnormalities within the corticospinal tracts in patients with motor neuron disease, and should be considered in the investigation of suspected cases.
In nine patients high signal was seen within the corticospinal tracts. In all cases the changes were symmetric and involved the pos- terior limbs of the internal capsule, with rostral or caudal extension in seven (fig la-c 0-01), internal capsules (P = 0 04), and cerebral peduncles (P = 0 02) was significantly more common in patients than in controls. Low signal affecting the precentral gyrus only was more common in patients than in controls (P = 0-04).
SPINAL CORD MRI
Sagittal Ti and T2 weighted images of the cord were normal in all cases. In eight patients, axial images disclosed definite or probable high signal within the cervical cord. In all cases the abnormal high signal was symmetrically situated in the lateral parts of the spinal cord (fig 3) . In five cases the signal change was seen throughout the cervical cord. In one patient imaging of the thoracic cord also showed signal change in the lateral columns.
Two controls showed a possible area of high signal on one axial slice only. In both cases the changes were unilateral. Probable or definite abnormalities were not seen in controls.
Discussion
We have shown that, using conventional T2 weighted MRI, abnormalities can often be shown in both the brain and spinal cord in patients with motor neuron disease. The signal change closely followed the course of the pyramidal pathways from cortex to spinal cord; the localisation agreed well with the sites of degeneration found in previous histopathological studies.9 12 We therefore agree with other investigators that the MRI changes represent degeneration within the pyramidal pathways.
As others have found,3 we often noticed isolated slight high signal within the posterior limbs of the internal capsules in controls. This finding in isolation must be interpreted cautiously.
The FLAIR sequence did not provide additional useful information and indeed in the context of suspected motor neuron disease may be difficult to interpret, as increased signal within the pyramidal tracts is a normal finding on these images. '5 In the current study, we found the FLAIR images only to be unequivocally abnormal (beyond the range of hyperintensity normally seen) in those patients in whom there were pronounced abnormalities on conventional T2 weighted images.
Care must also be applied to the interpretation of low signal within the cortical gyri. Ishikawa et al5 found low signal within the motor cortex in three of seven patients with motor neuron disease. We found some degree of low signal in nearly all our patients, but also in six controls. Low signal localised only to the precentral gyrus seems more specific, as does the finding of pronounced signal decrease. The suggestion that this low signal represents abnormal iron deposition within the degenerating cortex must remain speculative until there is histochemical confirmation. That we found pronounced low signal in only one patient (who had spin echo imaging) may relate to the FSE sequence used in most examinations; SE is more sensitive than FSE to magnetic field inhomogeneity, such as is caused by the presence of iron.
Although the three patients who had the most pronounced signal change within the cord also had pronounced abnormalities in the brain, in two cases abnormal high signal was found in the cord only. Spinal MRI therefore improved the sensitivity with which abnormalities were detected; corticospinal tract abnormalities in the spinal cord, brain, or both were seen in all patients.
There was no clear relation between the extent of the abnormalities on MRI and the course of the disease, although two of the four patients with the most extensive changes (patients 2 and 7) were young with a rapidly progressive course and one of the two patients with the mildest involvement seen on MRI (patient 5) was still only mildly disabled after over four years. No features on MRI helped to distinguish the two patients with purely upper motor neuron syndromes. The present results suggest a useful diagnostic role for MRI in patients with suspected motor neuron disease, but further work is required to establish whether the abnormalities seen on MRI are prognostically important.
